Background: The use of electronic surveillance systems (ESSs) is gradually increasing in infection prevention and control programs. Little is known about the characteristics of hospitals that have a ESS, user satisfaction with ESSs, and organizational support for implementation of ESSs. Methods: A total of 350 acute care hospitals in California were invited to participate in a Web-based survey; 207 hospitals (59%) agreed to participate. The survey included a description of infection prevention and control department staff, where and how they spent their time, a measure of organizational support for infection prevention and control, and reported experience with ESSs. Results: Only 23% (44/192) of responding infection prevention and control departments had an ESS. No statistically significant difference was seen in how and where infection preventionists (IPs) who used an ESS and those who did not spend their time. The 2 significant predictors of whether an ESS was present were score on the Organizational Support Scale (odds ratio [OR], 1.10; 95% confidence interval [CI], 1.02-1.18) and hospital bed size (OR, 1.004; 95% CI, 1.00-1.007). Organizational support also was positively correlated with IP satisfaction with the ESS, as measured on the Computer Usability Scale (P 5 .02). Conclusion: Despite evidence that such systems may improve efficiency of data collection and potentially improve patient outcomes, ESSs remain relatively uncommon in infection prevention and control programs. Based on our findings, organizational support appears to be a major predictor of the presence, use, and satisfaction with ESSs in infection prevention and control programs.
Electronic surveillance systems (ESSs), designed to support decision making in infection prevention and control programs by improving surveillance capabilities, have been evolving rapidly over the past 15 years. 1 As the role of the infection preventionist (IP) continues to expands in scope and responsibility, surveillance continues to be one of the IP's most timeconsuming activities, with an average of 45% of the total time in infection prevention spent on surveillance and analysis. 2 With the increasing availability and use of electronic medical records, information technology tools have created opportunities for automation of data collection 3 and the potential to decrease the time spent on conducting manual surveillance. In a systematic literature review, Leal and Laupland 4 reported that the use of an ESS decreased the time spent conducting surveillance by up to 61%. Infection prevention and control experts have predicted that the use of an ESS would allow them more time to provide leadership to clinicians to implement evidence-based processes aimed at reducing infections. 5 Information is sparse on the effectiveness of ESSs in infection prevention and control programs, with studies limited to assessments of whether ESSs increase the sensitivity and specificity of surveillance over traditional methods. [6] [7] [8] The purpose of the present study was to examine the utilization of ESSs in acute care hospitals in California. This study was one component of a larger parent project, the Changing Role of Infection Preventionists, funded by the Blue Shield of California Foundation to evaluate the California Healthcare-Associated Infection Prevention Initiative (CHAIPI). The goal of CHAIPI is to generate knowledge to inform evidence-based decision making for health policy makers, hospital administrators, epidemiologists, and IPs. As part of their participation in CHAIPI, some hospitals received funding to purchase an ESS. The analyses reported herein were designed to meet 3 aims: (1) to compare the differences in where and how IPs spend their time in hospitals with and without an ESS, (2) to describe characteristics of hospitals with and without an ESS, and (3) to assess IP satisfaction with ESSs.
METHODS

Setting and sample
All nonspecialty acute care hospitals in California were eligible to participate. Psychiatric, drug/alcohol rehabilitation centers, nursing homes, outpatient facilities, and children's hospitals were excluded. Of the 350 eligible hospitals, 207 volunteered to participate (59% recruitment rate).
Survey instrument
The data collection instrument for this study was modified from a Web-based survey previously used in the Prevention of Nosocomial Infections and Cost Effectiveness study (National Institutes of Health, National Institute of Nursing Research, R01NR010107). Test-retest reliability was assessed with a mean k 5 0.88 for each item (standard deviation [SD] 6 0.024). 2 The modified instrument comprised sections addressing demographics, infection prevention and control department staff, IP time use, and hospital and unit-based policies for infection prevention and control. For this survey, 2 additional sections were added to measure organizational support and the use of an ESS.
For this analysis, 3 sections of the survey were used: description of infection prevention and control department staffing, organizational support for infection prevention and control, and ESS use and usability. The section on organizational support included three 5-point Likert scales: Institutional Organization and Support, Senior Management Engagement, and Leadership on Patient Safety. These scales were adapted from the Patient Safety Climate in Healthcare Organizations instrument 9 and were combined to create a 16-item composite Organizational Support Scale, with scores ranging from 16 to 80 and a Cronbach's a of 0.92. Higher scores represented a higher level of management involvement in infection prevention.
Satisfaction with ESS was evaluated using a Computer Usability Scale comprising 23 items in 5 sections, with scores ranging from 23 to 115. The scale was created by modifying and merging items from 3 different instruments designed to measure computer usability. [10] [11] [12] Sections included (1) advantages and disadvantages, (2) workflow, (3) user-system interface, (4) accuracy, and (5) outcome perceptions. Some questions were reverse-coded, so that a higher number always represented the positive view of ESS. The scale's internal consistency, using Cronbach's a, was 0.83.
In addition to the survey content on organizational support and satisfaction with the ESS, a section was included to describe IP activities, that is, how and where IPs spend their time. The categorization of activities was based on the practice analysis published by the Certification Board of Infection Control and Epidemiology. 13 Respondents were asked to estimate the proportion of their work time spent in each of 8 categories of activities: (1) surveillance, defined as collecting, analyzing, and interpreting data on the occurrence of infections; (2) teaching infection prevention and control policies and procedures; (3) activities related to outbreaks; (4) daily isolation issues; (5) policy development and meetings; (6) other (eg, product evaluation, workman's compensation, research); (7) employee/occupational health; and (8) emergency preparedness. Respondents also were asked to estimate the proportion of their time spent in the IP office, inpatient areas, outpatient areas, and long-term care areas.
Procedure
The Columbia University Medical Center's Institutional Research Review Board approved this study. The survey was conducted between October and December 2008. One staff member from each infection prevention department was asked to complete the survey. A modified Dillman technique 14 was used, including an initial invitation letter, 5 reminders, and a last-chance letter. Hospitals were contacted by mail, e-mail, and/or fax once each week. Weekly lotteries for membership in the Association for Professionals in Infection Prevention and Epidemiology (APIC) or book prizes were held to encourage participation. In addition, respondents with incomplete surveys were contacted by phone and encouraged to complete the survey.
Statistical analysis
Data were imported into SPSS version 15 (SPSS Inc, Chicago, IL) for analysis. Distributions and descriptive statistics (ie, proportions, means, and SDs) were computed on all variables. Single missing values per case on the Computer Usability Scale were imputed; the average score of the responses on individual scale items per case was calculated and inserted as the missing value to maximize the denominator. For other variables, the denominator varied because of missing values.
Aim 1: To compare the differences in where and how IPs spend their time in hospitals with and without an ESS. Student t tests or Mann-Whitney tests were used to examine mean differences in the proportions of how and where the IP spent their time. Factors that differed significantly between hospitals with and without an ESS in these bivariate analyses were entered into a logistic regression model that included other potential predictors, including hospital bed size, organizational support, presence of a hospital epidemiologist, and medical school affiliation.
Aim 2: To describe characteristics of hospitals with and without an ESS. Bivariate analyses were conducted initially using appropriate nonparametric or parametric statistics (x 2 test, t test, Mann-Whitney test, or analysis of variance [ANOVA] ) to examine relationships between demographic and institutional factors and whether or not a hospital had an ESS. Variables examined included bed size, medical school affiliation, whether or not the hospital was a member of CHAIPI, to whom the IP reported (medical director, nurse executive, quality management, patient safety, or other), number of professional and support staff in the infection prevention and control department (ie, full-time equivalent positions) per 100 hospital beds, the proportion of IPs certified in infection control (ClC), the proportion of infection control directors who were members of professional organizations (Society for Healthcare Epidemiology of America [SHEA] and/or APIC), and the presence of a full or part-time hospital epidemiologist. Those variables with a P value ,.1 in bivariate analyses were entered into forward-entry logistic regression models to examine potential predictors of hospitals with an ESS.
Aim 3: To assess IP satisfaction with the ESS. Among hospitals with as ESS, the correlations between satisfaction scores and other factors were assessed using Pearson's product-moment correlation for parametric measures and Spearman's rank-order correlation for nonparametric measures. Factors examined included daily hours that the ESS was used, years since the ESS was implemented, Organizational Support Scale score, and total years of infection prevention director experience. ANOVA was used to compare mean satisfaction scores by infection prevention director experience (,10 years or $10 years).
RESULTS
The average bed size of the 207 participating facilities was 237 6 169, significantly larger than the average bed size of 187 in nonparticipating facilities in California (P 5 .006). The participating hospitals included 44 CHAIPI hospitals (21%) and 163 non-CHAIPI hospitals (79%). There were no significant differences in any factor analyzed, including use of an ESS, between the participating CHAIPI and non-CHAIPI hospitals.
Utilization of ESS
Among the 192 facilities that provided data on use of an ESS, 44 (23%) had an ESS. Of those, 52% reported using either a customized system or did not specify the system used; the other 48% used one of 4 commercial products (AICE, 32%; Medmined, 20%; Safety Suveillor, 9%; Theradoc, 2%). Respondents reported that the ESS was used in their hospitals primarily to create reports and data summaries from built-in templates (77%), to provide automatic alerts (57%), to integrate infection data with Centers for Disease Control and Prevention definitions and/or reporting requirements (43%), for data mining (36%), and for sharing reports with committees and administration (61%).
Staffing
About half of the facilities (53%) had at least one hospital epidemiologist, who worked an average of 13.4 hours per week in infection prevention. Eightytwo per cent of facilities had an infection control department director, most of whom were nurses (69%). Other directors were physicians (9%), masters in epidemiology (4%), medical technologists (2%), or other (14%). Half of the infection prevention and control department directors were certified in infection prevention, and 85% were members of either APIC or SHEA. Fifty-six percent of the department directors and 34% of the IPs had .10 years experience in infection prevention and control.
Aim 1: To compare the differences in where and how IPs spend time in hospitals with and without an ESS IPs spent the greatest proportion of their time on surveillance, policy development and meetings, and consultation regardless of whether or not their hospital had an ESS. Respondents reported spending the largest proportion of their time in their offices. None of these proportions were significantly different between hospitals with or without an ESS. Although IPs in hospitals without an ESS reported spending significantly more time in occupational health and in long-term care units in bivariate analyses, regression analysis revealed no significant differences in how and where they spent their time when controlling for bed size (Table 1) .
Aim 2: To describe characteristics of hospitals with and without an ESS
The bivariate analyses found no significant differences in hospitals with and without an ESS related to the location of the facility (urban, suburban, or rural), hospital affiliation with a medical school, or the number of infection prevention and control staff per 100 beds (all P $ .10). The proportion of IPs with CIC, the person to whom the infection prevention and control department reported, having an independent budget, infection control director membership in SHEA and/ or APIC, and the number of support staff per 100 beds each differed significantly between hospitals with an ESS and those without an ESS (P , .10). Hospitals with an ESS reported 0.20 support staff per 100 beds, compared with 0.11 support staff per 100 beds in those without an ESS (P # .001). Thus, these variables were entered into the logistic regression model. In the regression analysis, however, only 2 factors remained significant predictors of having an ESS: a higher score on the Organizational Support Scale (odds ratio [OR], 1.10; 95% confidence interval [CI], 1.02-1.18) and more hospital beds (OR, 1.004; 95% CI, 1.00-1.007) ( Table 2 ).
Aim 3: To assess IP satisfaction with ESSs
The mean IP satisfaction score in hospitals with an ESS was 64.2 6 9 (range, 23-115). The only factor associated with increased IP satisfaction with the ESS was a higher score on the Organizational Support Scale (r 5 0.48; P 5 .02). Years of experience of the infection control director, total number of hours that the ESS was used daily, and total number of years since the ESS was implemented were not significantly associated with level of satisfaction (Table 3) .
DISCUSSION
This study provides a comprehensive profile of infection prevention and control programs in California acute care hospitals with and without an ESS. It was hypothesized that facilities with an ESS would spend less time in surveillance as automated surveillance replaced manual surveillance. In fact, a reported benefit of automation is improved resource utilization, saving about 10 weeks of infection control time annually and requiring only 1/6 to 1/3 of the time required for standard manual surveillance.
5,15 However, we did not find that IPs in hospitals with an ESS devoted less time to surveillance activities or spent more time on education or with patients. Although ESS technology is increasingly used by IPs for data mining (ie, reporting trends in organisms and/or infections), such systems have been used only minimally by infection prevention staff to help make decisions about necessary interventions. The IP using an ESS should be able to spend less time on data mining and more time on data analysis and patient care. 16 Professional staffing did not differ between hospitals with or without an ESS. In this analysis, professional staffing included staff IPs and department directors. With all professional staff considered, these ratios met those recommended in a Delphi project conducted in 1999. 17 Indeed, these ratios exceeded those reported in other more recent studies, including a mean of 0.69 per 100 beds in a group of National Health and Safety Network hospitals and a mean of 0.56 per 100 beds in Massachusetts hospitals. 2, 18 However, in both of those studies, the ratio was based on IP staff and did not include department directors. The appropriate staffing, given the changing role of the IP, increased responsibilities related to mandatory reporting and the availability of technology such as ESSs is not known.
Although the ORs were only slightly greater than 1, clearly the larger facilities with better organizational support were more likely to have an ESS. This is consistent with a recent report from Kadlec Medical Center, a 172-bed regional hospital in Washington. The Vice President of Finance in this facility promoted the purchase of an ESS, and this hospital reported a 13% reduction in the rate of health care-associated infections and a savings of $576,000 after implementation of the ESS. 7 Several reports have acknowledged that ESSs may not necessarily save time. 16, 19, 20 Rather, data mining can detect new and unexpected patterns and may require additional human resources to analyze and develop interventions. Implementing an ESS involves a large investment in both dollars and human resources and requires the support of an organization that understands and values patient safety and potential cost savings though prevention of infections. 19 An estimated 4000 hours is required for the development of an internal clinical data warehouse for infection control, and costs do not end with development and implementation. 21 Although ESSs have been shown to be efficient and effective in screening for potential outbreaks and identifying endemic health care-associated infections, the data generated electronically must be interpreted and translated into knowledge, drawing on the critical thinking skills of the IP. This paradigm shift to automated surveillance should allow the IP to minimize the time required to identify infections and maximize time spent in prevention, focusing on education and interventions aimed at reducing health care expenditures and adverse outcomes. 5 The IP could then focus on leading intervention teams to reduce infections through implementation of evidence-based infection prevention practices, such as central line-associated bloodstream infection and ventilator-acquired pneumonia prevention bundles. Cost effectiveness and improvements in clinical outcomes are the highest priorities in this paradigm shift. 19, 22 Hospitals that have strong organizational support are a step ahead in the commitment to an ESS and its benefits for patient care.
Organizational support also was highly correlated with IP satisfaction with an ESS (r 5 0.48; P 5 .02). The Organizational Support Scale measured such items as satisfaction with surveillance features, access to technical support, ease of use, accuracy, and perceptions of improved patient care. Although we hypothesized that the number of years since implementation of an ESS, the number of hours an ESS is used daily, or the years of experience of the infection prevention director might be associated with satisfaction with an ESS, such was not the case. This may imply that IP satisfaction in general is higher when the organization is supportive of the IP's mission and goals. This is one of a few studies to examine the relationship between organizational support and the presence and use of an ESS. We also found that the proportion of time spent in surveillance did not vary significantly between those with and those without an ESS, suggesting that saving time on surveillance as a marketing point may be misleading to administration. Rather, ESSs provide the opportunity to spend less time on data collection and more time on decision making and implementing preventive interventions. These data suggest that in hospitals with strong leadership and engagement with patient safety, IPs in general may feel more supported in implementing ESSs and overcoming barriers, leading to greater satisfaction. This study clearly suggests that once an ESS is purchased, the need for organizational support has not ended; rather, both human and informatics resources must be committed to implementing and maintaining the program.
Although this study provides data to inform infection prevention and control programs regarding characteristics of hospitals with an ESS, the findings may not be generalized to hospitals in states other than California. In addition, the number of missing values might have affected the interpretation of the findings. Finally, we may not have had sufficient power to detect some differences between hospitals, given that there were only 44 hospitals with an ESS.
ESSs are early in their infancy, and more research is needed to determine the impact ESSs on the efficiency and effectiveness of infection prevention programs. A recent APIC position paper describes the benefits and essential components of automated electronic surveillance and notes that ESSs may ease the burden of data management in infection prevention and control programs. 23 As the responsibilities of infection prevention and control department programs continue to expand into such areas as mandatory reporting, behavioral interventions, emergency preparedness, and construction, increasingly sophisticated data mining and informatics have the potential to support the improvement of resource utilization and cost-effectiveness while reducing infections through prevention activities. This study suggests that organizational support is important to the success of an ESS.
